Keratoconus (KC) is a non-inflammatory eye disease characterized by progressive corneal thinning and asymmetrical conical protrusion of the cornea. Fuchs endothelial corneal dystrophy (FECD) is a degenerative, slowly progressive disease of the corneal endothelium that is characterized by alteration in corneal endothelial cell morphology and progressive loss of these cells. They are unrelated eye diseases that may ultimately lead to vision loss. Their pathogenesis is largely unknown, although impaired apoptosis has been suggested to be responsible for both diseases. Therefore, we studied the frequency of the c.-671A>G polymorphism of the apoptosis-related FAS gene and the c.-844T>C polymorphism of the FAS ligand (FASLG) gene in patients with FECD (221 individuals) or KC (264) and controls (300). Each polymorphism is located within the putative cis-acting element of the respective promoter. Risk of KC or FECD was estimated with unconditional multiple logistic regression with adjustment for various factors, including age, sex, allergies, and family history. The T/T genotype and the T allele of the c.-844T>C polymorphism were associated with increased occurrence of KC, while the C allele was associated with decreased KC occurrence. The G allele of the c.-671A>G polymorphism was associated with increased occurrence of FECD, while the A allele was associated with decreased FECD occurrence. The C/C-A/A combined genotype was associated with reduced risk of FECD, whereas the T/T-G/A combined genotype increased risk of KC. In conclusion, variability in the expression of the FAS and FASLG genes may be involved in the pathogenesis of KC and FECD.
Introduction
Apoptosis is essential to eliminate unwanted or damaged cells and its deregulation may be involved in pathological states, including cancer (Häcker and Vaux 1997; Evan and Vousden 2001; Ghavami et al. 2009; Wong 2011) . Changes in apoptosis-related genes were reported to associate with several pathologies, including cancer and degenerative diseases (Bag et al. 2012; Berndt et al. 2013; dos Santos et al. 2013; Hyland et al. 2014) . The Apoptosis Stimulating Fragment (FAS) protein may induce apoptosis upon its ligand (FASLG) binding and this pathway is as a primary mechanism for the induction of apoptosis in many types of cells and tissues (Nagata and Golstein 1995) . FAS is a cell-surface receptor, belonging to tumour necrosis factor (TNF) receptor superfamily (Müschen et al. 2000) . FASLG (FAS ligand) can trigger a cell death signal cascade by binding to its receptor FAS. It has been shown that the this pathway plays an essential role in regulating apoptosis and maintaining cellular homeostasis of many organs, including eye, testis and maternal-foetal interface (Mohan et al. 1997; Nagata 1999) Keratoconus (KC, MIM #148300) is a non-inflammatory eye disease characterized by progressive corneal thinning, resulting in severe visual impairment or blindness. Although spectacle and gas permeable contact lenses may be used for vision correction in the early stages, corneal transplantation is often required for visual rehabilitation in severe cases. It is estimated that KC is primary indication for corneal transplantation in Western developed countries (Eye Bank Association of America 2012). KC is observed in all ethnic groups with no female or male predominance (Fink et al. 2010) . The prevalence of KC varies from 50 to 230 individuals per 100,000 in the general population, dependent on ethnicity and criteria of this disease (Nielsen et al. 2007 ). First symptoms of KC usually appear in teens, and the disease typically progresses until the third to fourth decade of life (Rabinowitz 1998) .
KC is considered as a multifactorial disease, caused by the interaction between several genes and environmental factors, including contact lens wear, chronic eye rubbing and allergy (Jafri et al. 2004; Barr et al. 2006) . In recent years, numerous studies have identified several chromosomal regions associated with KC (Hughes et al. 2003; Brancati et al. 2004; Tang et al. 2005; Li et al. 2006) . Most KC cases are sporadic, but 6-23% patients have a positive family history (Rabinowitz 1998) . Furthermore, the prevalence in first degree relatives is 15 to 67 times higher than in the general population. In such cases, both autosomal and recessive patterns of inheritance have been described (Wang et al. 2000) . It occurs with a higher concordance rate of the trait in monozygotic than in dizygotic twins (Parker et al. 1996) .
Fuchs endothelial corneal dystrophy (FECD; MIM #136800) is a primary, degenerative disease of the corneal endothelium (CE), that is characterized by alteration in corneal endothelial cells (CECs) morphology, progressive loss of these cells, and accumulation of focal excrescences termed guttae and thickening of Descemet's membrane, a collagen-rich basal lamina secreted by CEs. CECs are derived from cranial neural crest cells, whose migration from the margins of the optic cup is triggered by the separation of lens vesicle from surface ectoderm (Joyce 2003; Huang and Saint-Jeannet 2004) . FECD results in corneal edema, severe impairment of visual acuity, may lead to blindness , and is a leading indication for corneal transplantation (Eye Bank Association of America 2012). Clinically, two forms of FECD have been identified: a rare early-onset form of FECD that starts in the first decade of life, and progresses through the second and third decades (Magovern et al. 1979) , and the more common late-onset form of FECD progresses through four clinically defined stages that span a period of two-to-three decades (Eghrari and Gottsch 2010) . Corneal transplantation is the only treatment modality to restore lost vision in patients affected with advanced FECD. Unfortunately, there are no therapeutic interventions available to arrest imminent cell loss in patients with early stages of FECD. Both early-and late-onset forms have female predominance at a ratio of 2.5-3:1 (Wilson and Bourne 1988) . It is estimated that FECD affects approximately 4% of the population older than 40 years (Krachmer et al. 1978) . FECD is often inherited as an autosomal dominant trait (Rosenblum et al. 1980; Biswas et al. 2001; Klintworth 2009 ) and 50% of affected patients are estimated to show a familial clustering (Krachmer et al. 1978) . Despite these findings, the pathogenesis of FECD remains poorly understood. Some data suggest that the single major risk factor associated with FECD is genetic predisposition, with no consistent systemic or environmental correlates (Kitagawa et al. 2002; Zoega et al. 2006) . Linkage studies of large multigenerational families with late-onset FECD identified several chromosomal regions on chromosomes 1, 5, 8 and X to be associated with the disease (Sundin et al. 2006a, b; Afshari et al. 2009 ). A strong association between FECD and genetic variants of the COL8A2 (collagen type VIII α2) gene was reported (Biswas et al. 2001; Kobayashi et al. 2004; Gottsch et al. 2005) .
Many case-control studies confirmed the association of genetic variability with KC and FECD (Udar et al. 2006; Stabuc-Silih et al. 2009; Baratz et al. 2010; Burdon et al. 2011; Czugala et al. 2012; Guan et al. 2012; Igo et al. 2012) . Both association and linkage studies showed that a polymorphism in the transcription factor 4 (TCF4) gene was associated with FECD (Baratz et al. 2010; Li et al. 2011) . Apoptosis was shown to be involved in the pathogenesis of KC and FECD (Mohan et al. 1997; Cho et al. 1999; Kim et al. 1999; Borderie et al. 2000; Li et al. 2001; Kaldawy et al. 2002; Gottsch et al. 2003; Szentmáry et al. 2005; Joyce et al. 2009; Engler et al. 2010; Jurkunas et al. 2010) . It was also shown that the FAS/FASLG system is expressed in the cornea and might have important functions in normal corneal physiology and in the pathophysiology of corneal diseases, including modulation of keratocyte apoptosis after epithelial injury (Wilson et al. 1996) . Several studies showed an association between polymorphisms in the FAS and FASLG genes and the risk of apoptosis failurerelated diseases (Elliott and Ravichandran 2010; Favaloro et al. 2012) . However, there is lack of data on the association of FAS/FASLG single nucleotide polymorphisms (SNPs) with KC or FECD. As the abnormal expression of FAS/ FASLG is involved in variety of diseases, we hypothesize that polymorphic variants of these genes might modulate the susceptibility to KC and FECD. In order to test our hypothesis we checked whether two polymorphisms: c.-671A>G of the FAS gene and c.-844C>T of the FASLG gene were associated with KC or FECD and whether this association was modulated by some demographic and potential risk factors for KC or FECD. Both SNPs are located in the promoter regions and were found to be related to altered expression of FAS/FASLG genes (Huang et al. 1997; Sibley et al. 2003; Wu et al. 2003) .
Materials and Methods

Ethics
This study was approved by the by the Bioethics Committee of the Medical University of Warsaw. Each patient enrolled in this study gave a written informed consent and approval form for genetic analysis.
Study group, sample and data collection
The present study included 264 patients with KC (79 females and 185 males) and 221 patients with FECD (168 females and 53 males). A total of 300 healthy individuals (194 females and 106 males) were included in the study as a control group.
All patients and controls were examined in the Department of Ophthalmology, Medical University of Warsaw (Warsaw, Poland), from September 2011 to February 2014. Medical history was obtained from all subjects and no one reported any genetic disease.
Venous blood (5 ml) was collected from each individual enrolled in this study into EDTA-containing tubes, coded and stored at -20°C until further use. All participants were interviewed using a structural questionnaire to determine demographic and potential risk factors for KC and FECD. Patients and controls provided information on their age, lifestyle habits, including smoking, body mass index (BMI), allergy, co-occurrence of visual impairment (hyperopia, astigmatism, myopia) and cardiovascular diseases, family history among 1 st degree relatives for KC or FECD. Smoking was categorized due to current, former or never smokers. Characteristics of patients and controls are presented in Table 1 . All individuals enrolled in the study were unrelated.
Ophthalmic examination
The diagnosis of KC was based on clinical signs and topographical and pachymetric parameters on Topographic Modeling System (TMS) corneal topography and Orbscan examinations (Rabinowitz 1998; Pflugfelder et al. 2002; Holladay 2009 ). The map patterns were carefully interpreted manually in all cases. Patients underwent ophthalmic examination, including best-corrected visual acuity, intraocular pressure, slit lamp examination, fundus examination, corneal topography (TMS4, Tomey, Nagoya, Japan), and Orbscan corneal topographical and pachymetrical maps (Orbscan IIz, Bausch & Lomb, USA).
The diagnosis of FECD was based on clinical signs on the slit lamp examination (occurrence of endothelial guttae, corneal edema) and in all the cases was confirmed by the presence of specific lesions, polymegathism and pleomorphism of the endothelial cells in in vivo confocal microscopy (IVCM) examination (Szaflik 2007; Weiss et al. 2008) . Patients underwent ophthalmic examination, including bestcorrected visual acuity, intraocular pressure, slit lamp examination, fundus examination, IVCM and anterior segment optical coherence tomography including pachymetry maps (AS-OCT). The IVCM was performed by white light scanning slit confocal microscopy system (ConfoScan 3 or ConfoScan 4, Nidek Techologies, Padova, Italy). The AS-OCT was performed by Swept Source Anterior Segment Casia OCT (Tomey, Nagoya, Japan).
The control subjects had no clinical evidence of FECD/KC and presented healthy corneal endothelium on IVCM and normal corneal topography and pachymetry.
SNPs selection and primers design
The public domain of the Single Nucleotide Polymorphism database (dbSNP) at the National Center for Biotechnology Information (NCBI, http://www.ncbi.nlm.nih.gov/snp) and the related literature were used to identify the common, potentially functional SNPs in FAS and FASLG genes, based on the biological significance of the polymorphisms following from their location.
Finally, we chose to genotype the c.-671A>G polymorphism (rs1800682) of the FAS gene and the c.-844C>T polymorphism (rs763110) of the FASLG gene with a minor allele frequency 0.403 and 0.393 in European population, respectively. Both SNPs are located in the promoter regions, and can either increase or decrease the mRNA expression, and subsequently, protein expression (Huang et al. 1997; Sibley et al. 2003; Wu et al. 2003) .
Primers design
Primers for FASLG gene were designed according to the published nucleotide sequence in ENSEMBL database (accession number ENSG00000117560) and using Primer3 software (http://bioinfo.ut.ee/ primer3-0.4.0/). The specificities of the high resolution melting (HRM) primer pairs were analyzed using Primer-BLAST software (http://www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi). In addition, HRM primer sequences were examined further by using the DINAMelt Web Server to confirm that no secondary structures were likely to form (http://mfold.rna.albany.edu/?q=DINAMelt/Two-statefolding).
TaqMan probe for c.-671A>G SNP was derived from the collection of the Life Technologies.
DNA extraction
Genomic DNA was extracted from venous blood by using the AxyPrep™ Blood Genomic DNA Miniprep Kit (Axygen Biosciences, Union City, CA, USA), according to the manufacturer's instructions. DNA was directly isolated from the white blood cells and stored in TE buffer (5 mM Tris-HCl, 0.1 mM EDTA, pH 8.5) at -20°C.
HRM genotyping
The c.-844C>T SNP (rs763110) was genotyped by HRM analysis. HRM were performed using KAPA™ HRM FAST PCR Kit (Kapa Biosystems, Woburn, MA, USA), following manufacturer's instructions. Briefly, the total reaction volume of 10 µl contained 1 μl (~ 20 ng) of genomic DNA, 1 × KAPA HRM Master Mix suplemented with 2.5 mM MgCl 2 (including EvaGreen fluorescent dye), 0.2 µM of forward and reverse HRM primers (Metabion, Martinsried, Germany). 63-bp length fragments containing SNP were amplified using the following primers: forward 5′-TGGGCAAACAAT GAAAATGA-3′ and reverse 5′-AACCAGTGGAACCCACAGAG-3′. The PCR profile consisted of an initial denaturation step for 2 min at 95°C, 40 cycles at 95°C for 5 s, 30 s at 57°C annealing/extension temperature. After amplification steps, melting curves were generated to evaluate PCR products. Heteroduplex formation was carried out at 95°C for 30 s, then at 60°C for 60 s. High resolution melting data were acquired between 65°C and 85°C, increment 0.2°C for 0:10 min. PCR amplifications were carried on a CFX96™ Real-Time PCR Detection System (Bio-Rad Laboratories, Hercules, CA, USA) and the results were analyzed by using Precision Melt Analysis™ software. Normalized melt curves and difference curves were visually compared to identify different melting patterns that match the individual genotype (Fig. 1 ). Positive and negative (no template) controls were included. For quality control, 10% of samples were randomly genotyped again and the results were 100% concordant.
TaqMan genotyping
Genotyping for c.-671A>G SNP (rs1800682) was performed using TaqMan ® SNP Genotyping Assay -ID: C_9578811_10_ (Life Technologies, Foster City, CA, USA). The PCR reactions were performed according to the manufacturer's instructions provided by Life Technologies. The PCR thermal cycling was as follows: initial denaturing at 95°C for 10 min, 40 cycles of 92°C for 15 sec and 60°C for 60 sec. All PCR amplifications were carried out in a thermal cycler CFX96™ Real-Time PCR Detection System (Bio-Rad Laboratories, Hercules, CA, USA) and the genotypes were determined by using CFX Manager Software, based on the dye component fluorescent emission data depicted in the X-Y scatter-plot (Fig. 2) . Each 96-well plate contained 94 samples with the unknown genotype and 2 reaction mixtures containing the reagents without DNA (no-template control).
Statistical analysis
To compare the distributions of demographic variables and potential risk factors between patients and controls Chi-square (χ 2 ) test was used and t-test, where appropriate. Hardy-Weinberg equilibrium was checked using χ 2 test to compare the observed genotype frequencies with the expected frequencies among the case and control subjects. The χ 2 analysis was also used to test the significance of the differences between distributions of genotypes and alleles in KC/ FECD patients and controls. The association between case-control status and each polymorphism, measured by the odds ratio (OR) and its corresponding 95% confidence interval (CI), was estimated using an unconditional multiple logistic regression model, both with and without adjustment for co-occurrence of visual, smoking and family status of KC/FECD. The association between the combined genotypes of the FAS and FASLG polymorphisms and risk of these diseases was also evaluated in the same way as single SNP. P values obtained for gene-gene analyses were corrected for multiple testing using the Bonferroni correction. Statistical analyses were carried out with the SigmaPlot version 11.0 (Systat Software, Inc., San Jose, CA, USA), statistical software package.
Results
Characteristics of the study population
The frequency distributions of selected characteristics of the case patients and control subjects are presented in Table 1 . The mean ± s.d. age for KC patients were 36.16 ± 11.91, 70.24 ± 9.87 for FECD patients and 63 ± 18.72 for controls. We demonstrated significant differences between distribution of family history for KC (positive vs. negative family history), allergies (yes vs. no), co-occurrence of visual impairment and cardiovascular diseases (yes vs. no) among KC patients vs controls. In FECD, we observed significant differences between distribution of family history for FECD (positive vs. negative family history) and cooccurrence of visual impairment (yes vs. no) among FECD patients compared to controls. Therefore, these variables were further adjusted for in the multivariate logistic regression analysis.
FAS and FASLG polymorphisms and KC occurrence
The genotype and allele distributions of the c.-671A>G and c.-844T>C of the FAS and FASLG genes, respectively, in KC patients and controls are presented in Table 2 . The observed genotypes frequencies did not differ significantly from Hardy-Weinberg equilibrium ( p > 0.05, data not shown) for each group. The difference in the frequency distributions of genotypes of the c.-671A>G polymorphism between the cases and controls was statistically significant ( p < 0.05). The T/T genotype and T allele of the c.-844T>C polymorphism were associated with increased occurrence of KC. On the other hand, the C allele of this polymorphism was positively correlated with a decreased occurrence of this disease. We did not find any correlations between genotypes/alleles of the c.-671A>G polymorphism and the occurrence of KC.
FAS and FASLG polymorphisms and FECD occurrence
Allele frequencies and genotype distributions of the c.-671A>G and c.-844T>C polymorphisms in patients and controls are shown in Table 3 . The differences in the frequency distributions of genotypes of these polymorphisms between groups were not statistically significant ( p > 0.05). Among these groups, the observed genotypes frequencies of both polymorphisms did not deport statistically significantly from these expected from Hardy-Weinberg equilibrium ( p > 0.05, data not shown). We found that the G allele of the c.-671A>G polymorphism increased FECD occurrence, while the A allele had a protective effect against FECD. We did not find any correlations between genotypes/alleles of the c.-844T>C polymorphism and FECD.
Combined genotype and KC/FECD occurrence
We searched for the association between the occurrence of KC/FECD and combined genotypes of the c.-671A>G and c.-844T>C polymorphisms of the FAS and FASLG genes, respectively. The distributions of these combined genotypes are shown in Tables 4 and 5 . The presence of the C/C-A/A combined genotype was associated with a reduced risk of FECD, whereas the T/T-G/A combined genotype increased risk of KC occurrence.
Discussion
In the present work we investigated the association between two polymorphisms in the promoters of the FAS and FASLG genes, and risk of developing KC and FECD in a case-control study. A striking feature of our studies is a difference in age distribution in KC patients and controls (36.16 ± 11.91 vs. 63 ± 18.72) . However, we do not consider this as a weakness of this study, because KC occurs at relatively young age and age-matched control individuals would not guarantee that they would not develop this disease. Surely, our control group does not guarantee this either, but makes this option less likely. Patients and controls were recruited to our study from Central Poland. Because in general Poland is an ethnically homogenous country, we feel that any replication study to decrease population-related effect would mainly lead to an increase in DNA samples from patients and controls were genotyped by using the TaqMan ® SNP Genotyping Assay. The X-axis represents the relative fluorescent emission for the G allele-specific probe labeled with 6-carboxyfluorescein (FAM), and the Y-axis represents the emission for the A allele-specific probe labeled with 2′-chloro-7′-phenyl-1,4-dichloro-6-carboxyfluorescein (VIC). Circles: homozygous GG; squares: homozygous AA; triangles: heterozygous AG. Diamonds represent no template controls. the number of cases.
The A to G transition at nucleotide position -671 in the promoter region of the FAS gene is located within the signal transducers and activators of transcription 1 (STAT1) binding element, and has been shown to reduce transcription factor binding (Kanemitsu et al. 2002; Sibley et al. 2003) and FAS protein expression . The C>T transition at nucleotide position -844 in the promoter region of the FASLG gene is located within a putative binding motif for another transcription factor, CAAT/enhancerbinding protein β, and the C and T alleles show significantly different affinities for this transcription factor. The -844C allele may increase basal expression of FASLG compared with the -844T allele, suggesting that this SNP may influence gene expression and FASLG-mediated signaling (Wu et al. 2003) .
In recent years, the roles of the c.-671A>G and c.-844C>T polymorphisms in cancer transformation, have been studied extensively. It has been reported that these polymorphisms are involved in the development of several types of cancers in which apoptosis is an essential element of pathogenesis, including esophageal cancer (Sun et al. 2004) , lung cancer (Wang et al. 2003; Zhang et al. 2005) , epithelial ovarian cancer (Li et al. 2013) , pancreatic cancer (Yang et al. 2008) , cervical cancer , breast cancer (Zhang et al. 2007) , and acute myeloid leukemia (Sibley et al. 2003 ). Interestingly, it was shown that the immune system has been implicated in the pathogenesis of KC because thinning of the cornea seems to be associated with increased levels of intracorneal inflammatory mediators, such as interleukin 1, 6 and 17 (Jun et al. 2011 ). In addition, associations between keratoconus and immune disorders, such as rheumatoid arthritis, ulcerative colitis, autoimmune chronic active hepatitis, Hashimoto's thyroiditis, arthropathy, asthma, irritable bowel syndrome and environmental allergy were shown (Nemet et al. 2010) .
However, we did not find any study on the association between FAS and FASLG polymorphisms and the risk of KC and FECD. Given the role of the FAS/FASLG pathway in various diseases, including eye diseases, it is biologically plausible that the FAS and FASLG polymorphisms may modulate the occurrence of KC/FECD. In this study, we observed that these polymorphisms may be associated with KC and FECD occurrence. Apoptotic cell death is essential for maintaining normal function of cells, and it may be regulated by various factors (Lowe and Lin 2000; Elmore 2007) . It was shown that changes in the expression of apoptosis-related genes, including FAS and FASLG, underlined by polymorphisms in these genes, reduced the ability of cells to undergo apoptosis (Villa-Morales et al. 2010 ). In addition, it was demonstrated that the FAS/FASLG system is expressed in the cornea and could have important functions in physiology as well as in the pathophysiology of corneal diseases (Wilson et al. 1996; Mohan et al. 1997; Kim et al. 1999; Vij et al. 2004; Hasby and Saad 2013) . Therefore, the polymorphic variants of the FAS and FASLG genes, if functional, could be expected to have an effect on apoptosis, and thus also, in pathophysiology of corneal diseases.
An important role of apoptosis in the etiology of KC and FECD was suggested in many studies. Oxidative stress and apoptosis are reported to play a role in the development of FECD particularly in regard to accelerated corneal endothelial cell loss (Borderie et al. 2000; Li et al. 2001; Buddi et al. 2002; Szentmáry et al. 2005; Engler et al. 2010; Jurkunas et al. 2010; Azizi et al. 2011 ). This may be in part due to chronic ultraviolet (UV) light exposure (Inoki et al. 2004) . UV may generate reactive oxygen species (ROS), contributing to oxidative stress (Wenk et al. 2001) . Since the cornea is the first target of UV-light entering the eye, it is especially susceptible to damage by ROS. In normal condition, the cornea has natural antioxidant enzymes, including superoxide dismutase, catalase, glutathione reductase, and glutathione peroxidase that prevent UV-induced DNA damage in this organ (Inoki et al. 2004 ). In contrast, FECD corneas demonstrate a decreased activity of antioxidant enzymes (Cejková et al. 2004a, b) . It was shown that corneal endothelial degeneration in FECD occurs via apoptosis (Borderie et al. 2000; Li et al. 2001 ). One of the major inducers of apoptosis is damage to macromolecules, including DNA, proteins and membrane lipids, due to oxidative stress (Ryter et al. 2007 ). Because corneal endothelial cells are arrested in a postmitotic state, they are susceptible to ROS-induced apoptosis in response to aging and oxidative stress (Cho et al. 1999; Joyce et al. 2009 ). Furthermore, genetic analysis of CECs show decreased expression of anti-apoptotic genes (Gottsch et al. 2003) . Results of several studies suggest that apoptosis is a primary pathway of cell death in KC (Kaldawy et al. 2002) . It has been demonstrated that corneal fibroblasts are stimulated to produce apoptosis-associated FAS ligand in response to IL-1 stimulation (Mohan et al. 1997) . Since these cells also express the FAS receptor, abnormal expression of FAS ligand could be associated with autocrine suicide of keratocytes in KC corneas. Abnormalities in other components of these pathways that increase sensitivity to the apoptotic cytokines could also underline the development of KC (Kim et al. 1999) . Furthermore, chronic keratocyte apoptosis associated with ongoing epithelial injury may link together unrelated risk factors associated with KC, such as chronic eye rubbing contact lens wear, or atopic eye disease (Kim et al. 1999) .
In conclusions, the c.-671A>G polymorphism (rs1800682) of the FAS gene and the c.-844C>T polymor- phism (rs763110) of the FASLG gene may modulate the risk of developing KC and FECD. Our results also confirm previous reports that apoptosis may be involved in the pathogenesis of these diseases.
